Primary cultures of human synovial cells shed infectious virus for 14 to 35 days following infection with isolates of Ross River virus which had been passaged in the C6/36 line of Aedes albopictus mosquito cells. No flank cytopathic effect was seen in infected synovial cells and they continued to replicate for the duration of the experiments.
Despite similarities between the Togaviruses rubella virus and Ross River virus (RRV) and the polyarthritis they cause in man (Anderson & French, 1957; Sauter & Utsinger, 1978 ) there appear to be major differences in their capacities to establish long term (persistent) infections in vivo and in vitro. Infectious rubella virus has been isolated from the joints and peripheral blood lymphocytes of rubella-arthritis patients months after infection or vaccination (Spruance et al., 1977 ; Chantler et al., 1982) . In contrast, infectious RRV has never been isolated from the joint of an epidemic polyarthritis (EPA) patient and virus has been isolated from peripheral blood only during the first week after the onset of symptoms Tesh et al., 1981 ; Aaskov et al., 1985) . Similarly, it has been possible to establish long term infections of human synovial cells in vitro with rubella virus but not with RRV (Cunningham & Fraser, 1985a, b) . However, Eaton & Hapel (1976) were able to establish prolonged non-cytolytic infections with RRV in primary cultures of muscle from 1-day-old mice. In this report we describe infections in vitro of human synovial cells with RRV which, in one instance, lasted for at least 5 weeks.
Previous attempts to infect human synovial cells persistently have used strains of RRV isolated from mosquitoes and passaged in mice and Vero cells (Cunningham & Fraser, 1985 b) . Three of the isolates of RRV used in the present study (CO, MC, HA) were from Australian EPA patients (Aaskov et al., 1985) . One of these (HA) was available in the patient's serum from which it was isolated directly, or following one passage in C6/36 cells (1C6/36), or one C6/36 passage followed by one suckling mouse carcass (SMC) (1 C6/36/1SMC) passage. The prototype strain of RRV (T48) and another mosquito isolate (NB5092) were also used in this study.
Ross River virus replicates in mosquitoes at temperatures below 37 °C (27 or 28 °C) and is transmitted maximally from 7 to 15 days after the mosquito ingests virus (Kay et al., 1979; Kay, 1982) . Because of the logistics of confirming virus titres in mosquitoes fed blood-virus meals in the laboratory, we did not attempt to use this source of mosquito-grown virus. Instead 80 cm 2 tissue culture flasks (Nunc) of C6/36 cells were infected with RRV in RPMI 1640 (Gibco) buffered to pH 7.2 with HEPES and sodium bicarbonate and containing 0.2~ (w/v) bovine serum albumin (BSA) (Fraction V, Sigma). The entire culture supernatant was harvested and replaced daily for 14 days post-infection. RRV infection of C6/36 cells is non-cytolytic. [The C6/36 cell line grows at 32 °C and was derived from Aedes albopictus mosquitoes (Igarashi, 1978) ]. Virus titres in the culture supernatants were determined using Vero cells in the microtitre titration system of Chanas et al. (1976) .
Because the concentration of RRV in the supernatant of cultures of C6/36 cells varies little with the rn.o.i. (Aaskov et al., 1985) and appears to be a characteristic of individual virus isolates (Fauran et al., 1984) Fig. 1 (a) .
Virus recovered at various intervals from the supernatants of these infected cultures of C6/36 cells produced plaques (Gorman et al., 1975) on Vero cells which varied in number (Table 1) depending on when the supernatant was harvested and the temperature at which the plaque assay was performed.
Synovial tissue was obtained from the necks of femurs recovered from trauma cases or from arthritis patients receiving hip prostheses. Tissue was diced with scissors and digested overnight at 37 °C in a stirred solution of 0.1 ~ (w/v) DNase (Boehringer), 0" 1 ~ (w/v) collagenase (Sigma) and 30 IU/ml hyaluronidase (Fisons), in serum-free RPMI 1640. Cell clumps were removed and the cell suspension washed twice in RPMI 1640 containing 10~ (v/v) heat-inactivated Rh-ABO-matched human plasma before being distributed in 25 cm 2 plastic flasks (Nunc) in this medium. Cells were grown at 37 °C for 7 to 10 days and the culture medium was discarded immediately before infection of the monolayer. This cell population contained both secretory cells, as evidenced by extracellular material staining with a periodate-Schiff stain, and macrophage-like cells as evidenced by their cytoplasmic staining for a-naphthyl-esterase activity. Five ml culture supernatant from the second, prolonged, peak of virus production in C6/36 cells (day 14) was added directly to monolayers of synovial cells in 25 cm 2 flasks and incubated for 1 h at 32 °C. The supernatant was then removed and replaced with RPMI 1640 containing 0"2~o (w/v) BSA and the synovial cultures were incubated at 32 °C. This temperature was chosen because the joints most affected in EPA, the knees, hands and feet are at temperatures 5 to 6 °C below core body temperatures (Horvath & Hollander, 1949) . The entire culture supernatant was recovered and replaced daily for the first 14 days and thereafter every 7th day. The duration of virus production detectable on Vero cells was short and levels of extracellular virus were low (Fig.  1 b) . At no stage was any frank c.p.e, seen in the synovial cells. Some rounding or contraction of cell processes occurred during the first 7 days after infection but involved only 1 ~ to 5 ~ of cells and appeared to be only slightly more frequent than in uninfected control cultures. Cells continued to replicate for the duration of the experiments.
Fourteen or 35 days post-infection, synovial cell monolayers were rinsed with phosphatebuffered saline (PBS) and the bottoms were cut from the flasks. These were then cut into smaller segments to permit histological and immunofluorescent staining of the synovial cell monolayer. Two cultures showed weak perinuclear immunofluorescence in approximately 1 ~ of the cells in the monolayer (Table 2) .
Since none of the synovial culture supernatants harvested from day 7 onwards contained virus which could be detected using Vero cells, they were added to confluent monolayers of C6/36 cells in 25 cm ~-flasks and daily aliquots of culture medium were taken and titrated on Vero cells. In a number of instances virus was detected in this manner. Two examples are shown in Fig. 1 (c, d, e). In one instance (isolate CO) virus was detected in synovial culture supernatant for 14 but not 21 days. In the other, virus was detected for 35 days. A summary of the results from all synovial cultures is presented in Table 2 .
The agent that caused c.p.e, in Vero cells after passage of synovial culture supernatant through C6/36 cells could be neutralized with hyperimmune rabbit antiserum against RRV. Addition of culture supernatant from uninfected synovial cells to C6/36 cells did not yield an agent that caused c.p.e, in Vero cells.
It is possible that Cunningham & Fraser's previous report (1985b) of failure to establish a prolonged RRV infection in human synovial cells was due to the relative insensitivity of the Vero cells they used to detect virus. C6/36 cells are 103-to 106-fold more sensitive than Vero cells to infection with RRV (Tesh et al., 1981 ; Aaskov et al., 1985) .
If, however, the protocol employed in this study did result in a more prolonged infection than that reported by Cunningham & Fraser (1985b) , there are two likely explanations. (i) The synovial cell populations studied were different, perhaps as a result of the different enzymic digestion procedures used to prepare synovial cell suspensions. However, even when the procedures used to prepare them were the same, cultures of synovial cells from different donors responded differently to the same virus preparation (Table 2 ). These data suggest that the genetically controlled susceptibility to clinical infection with RRV (Fraser et al., 1980; Cunningham & Fraser (1985b) . By 14 days post-infection, C6/36 cells are persistently infected with RRV and will continue to shed virus during subculture (unpublished observations). This population of virus differs from the original virus stock used to infect the C6/36 cells in temperature sensitivity, plaque morphology and perhaps other important characteristics as well. Furthermore continuous passage of RRV in C6/36 cells leads to a decrease in virus yield (Aaskov et al., 1985) suggesting these cells may be producing defective interfering particles. Eaton (1982) reported that Sindbis virus variants containing an altered envelope protein E2 could be isolated from persistently infected A. albopictus cells. We have not been able to produce sufficient RRV to identify any similar variants in the supernatant of C6/36 cells 14 days postinfection. No evidence was found that prior passage of RRV in suckling mice prevented long term infection of synovial tissue. The shorter duration of virus production, the lower virus titres (as detected by Veto cells) and the lower levels of c.p.e, in this study compared to that of Cunningham & Fraser (1985 b) could also have been due to either or both of the above (i and ii). Although EPA patients experienced arthritis lasting 30 to 40 weeks and occasionally longer (Aaskov et al., 1985) , the duration of synovial cell infection in this study (2 to 5 weeks) corresponds with the duration of acute arthritis observed in EPA patients immediately after the onset of symptoms. Many patients also suffer recurrences of severe arthritis during the recovery phase of the disease. Attempts to induce synovial cell cultures, apparently free of virus, to undergo a second cycle of virus production have so far been unsuccessful. These results suggest that prolonged virus production by synovial cells could occur in EPA patients and may contribute to the pathogenesis of this disease.
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